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Specification 

1 . Title of the Invention 

METHOD FOR MANUFACTURE OF ULTRATHIN COPPER FOIL 

2. Patent Claims 



A method for the manufacture of an ultrathin copper foil by conducting zinc substitution 
plating on the edge portion of one surface of an aluminum foil or aluminum alloy foil, then 
conducting copper plating to a thickness of 0.5-12 nm in a copper pyrophosphate plating bath on 



the entire surface of said surface, and then conducting copper plating to a thickness of 8-12 |im 
in a copper sulfate-based copper plating bath on the outside thereof. 

3. Detailed Description of the Invention 

The present invention relates to a method for the manufacture of an ultrathin copper foil 
for high-density printed circuit boards in which a wiring width and wire spacing are greatly 
decreased. 

In recent years, significant progress in electronics technology created a demand for 
highly reliable high-density printed circuit boards. In particular, in the copper-clad laminates for 
printed circuits of computers, it became necessary to form ultrafme circuits with a wiring width 
and wiring spacing of no more than 0.2 mm. However, the thickness of the conventionally used 
copper foils was as large as about 85 [im. Therefore, in the etching technology at the time, when 
circuits were formed from such copper foil-clad laminates, there was a danger that the copper 
foils would be undercut by side etching (a lower side portion of a groove is etched on the 
periphery thereof and a recess-like portion is obtained), causing a short circuit. For this reason, 
circuits with high-density wiring widths and wiring spacing could not be obtained. Therefore, it 
was impossible to obtain highly reliable printed circuits with a high density. 

Accordingly, thin copper foils with a thickness of 18-25 ^m were used to attain this 
object. However, since they were manufactured by electrolytic methods similar to those for the 
manufacture of the above-mentioned thick copper foils, pinholes easily occurred. Moreover, 
because the foils were so thin, "wrinkles" and "scratches" could easily occur when the foils were 
handled. A low production yield and a high cost were other drawbacks associated with such 
ultrathin foils. Furthermore, when such copper foils were employed for forming high-density 
circuits by a photoresist method, the lower limit for the wiring width and wiring spacing was 0.2 
mm, and high-density circuits with an ultrafme pattern having wiring widths and spacing less 
than this limit were difficult to produce. 

An improved method was suggested, this method using an ultrathin copper foil formed by 
employing an aluminum foil, etc. as a pseudo-substrate and electroplating a copper layer with a 
thickness of no more than 18 ^m thereupon. A glass-epoxy base material was laminated on the 
copper foil surface, the aluminum foil serving as a pseudo- substrate was removed by chemical or 
mechanical peeling method, and the resulting copper foil laminated sheet was used to form a 
high-density circuit by the aforesaid photoresist process. Such a method is disclosed, for 
example, in Japanese Patent Application Laid-open 48-85857. 

However, with such a method, it is necessary to conduct zinc substitution plating on the 
electrocoating surface of the aluminum foil in advance in order to provide for good bonding 
strength of the ultrathin copper layer formed by electroplating with the aluminum foil serving as 
a pseudo-substrate and it was also necessary to dissolve and remove the aluminum and zinc 
chemically in order to obtain a copper clad laminate after lamination of the glass-epoxy base 
material. Therefore, in addition to those two types being complicated and wastewater treatment 
being difficult, there are disadvantages in that the copper layer is partially dissolved when the 
zinc is removed, and circuit shorts occur easily. 

With another suggested method, copper cyanide plating is conducted on one surface of 
the aluminum foil of the pre-degreased and activated pseudo-substrate. However, in such a case, 
the copper adhesion strength is insufficient. For this reason, when in subsequent processes a 
thick copper plating was conducted with an acidic copper plating bath and then treatment was 



conducted to increase the adhesive force, the copper layer could be easily peeled off and 
removed from the surface of aluminum foil. Moreover, when the thickness of the copper plating 
was less than 12 ]im, a large number of fine pinholes were present and the product was not 
suitable for practical use. 

The inventors have conducted an intensive study aimed at the resolution of the above- 
described problems. Based on the results obtained, a method was developed for the manufacture 
of an ultrathin copper foil designed for the formation of highly reliable printed circuits with a 
high density. Thus, with the method in accordance with the present invention zinc substitution 
plating is conducted on the edge portion on one surface of an aluminum or aluminum alloy foil 
(referred to simply as aluminum foil hereinbelow), then copper plating is conducted to a 
thickness of 0.5-12 \im in a copper pyrophosphate plating bath on the entirety of that one 
surface, and then copper plating is conducted to a thickness of 8-12 jim in a copper sulfate-based 
copper plating bath on the outside thereof. 

The method in accordance with the present invention will be described hereinbelow in 
greater detail. 

At least one surface of an aluminum foil with a thickness of 30-70 |im (a long foil with a 
width of 300-1300 mm) is degreased with an alkaline cleaner and washed with water according 
to the usual procedure. If necessary, washing with water is conducted after pickling with 50% 
HNO3 or activation. 

Then an edge portion on one surface of the foil is immersed for 2-120 sec in the so-called 
zincate bath and zinc substitution plating is conducted. In this case, the edge portion as referred 
to hereinabove is a frame-like portion located on the periphery of the aluminum foil; it has a 
width of 2-100 mm, preferably, 10-50 mm. This width is referred to as an edge width 

The zinc substitution plating is conducted to improve adhesion of copper layer to the 
aluminum foil in the portions that are directly subjected to copper plating. Thus, when the end 
portion of the aluminum foil is not subjected to zinc substitution plating, a copper pyrophosphate 
plating itself cannot provide for a sufficient bonding strength with the surface of aluminum foil. 
When, in such a state, water washing and copper sulfate thick plating are performed in the 
subsequent process, the copper layer can easily peel from the edge portion of the aluminum foil. 
Moreover, if the coating peels off even slightly, then water or plating solution rapidly penetrates 
into the interface between the aluminum foil and copper layer, the surface of aluminum foil is 
corroded mainly by the plating solution, and the peeling is further promoted. Even if the 
substrates in such a state are finally dried, since the major portion of the copper layer has peeled 
from the pseudo-substrate, "wrinkles" or a large number of pinholes appear therein, making the 
foil unsuitable for practical use. However, if zinc substitution plating of the edge portion of 
aluminum foil is conducted as described above, the bonding strength with respect to the copper 
pyrophosphate plating bath is also improved and no peeling occurs in subsequent plating in a 
copper sulfate bath. Moreover, when the copper plating is formed to a thickness of no less than 5 
)im, practically no pinholes are formed. 

Inrunediately after completion of the zinc substitution plating, a copper layer with a 
thickness of 0.5-12 is plated by using a copper pyrophosphate plating bath, followed by 
washing with water. In such a case, no specific limitation is placed on the composition of the 
copper pyrophosphate plating bath, but it is preferred that the copper concentration be 5-100 gL, 
the concentration of potassium pyrophosphate be 100-500 g/L, and the pH be 8-12. As for the 
plating conditions, the bath temperature is within a range from normal temperature to 70°C, the 
electric current density is 1 -5 A/dm', and the electrolysis time is 5-25 sec. 



/- 



The copper pyrophosphate plating bath is selected for the purposes of the present 
invention because the coating obtained with such a bath has better adhesion to aluminum foils 
than that obtained with other copper plating baths, and, naturally, no peeling occurs in the 
lamination of laminated base materials for printed circuits. Furthermore, in addition to that fact 
that stronger adhesion cannot be maintained, it is not necessary to chemically dissolve and 
remove the aluminum foil pseudo-substrate after lamination of the base material, and peeling can 
be conducted by a simple mechanical means. As a result, wastewater treatment is made 
unnecessary, and the aluminum used can be easily recovered in the form of aluminum chips. 
Furthermore, a copper pyrophosphate plating bath makes it possible to conduct uniform 
electrocoating, and a coating can be obtained which is smooth and has good gloss. Moreover, a 
very small number of pinholes appear even when a thin copper foil is obtained. The thickness of 
the copper pyrophosphate plating is limited to 0.5-1.2 Jim for the following reasons. When the 
thickness is less than 0.5 |im, the number of pinholes in a thin copper foil obtained increases, 
making it unsuitable for practical use. On the other hand, when the thickness exceeds 12 \xm, 
since the upper limit of thickness of thin copper foils is 15 fim, the copper sulfate plating in the 
subsequent process cannot be conducted. Moreover, adhesion to plastic laminated base materials 
is degraded. The thickness of the copper foil layer is preferably 2-7 |im. 

Plating copper to a thickness of 8-12 jum in a copper plating bath containing copper 
sulfate is conducted as a method for roughening of the copper foil layer. Appropriate conditions 
of such treatment should be selected and no specific limitation is placed thereon. Typically the 
copper plating bath has a copper concentration of 20-60 g/L and a sulfuric acid concentration of 
40-150 g/L. The bath temperature is preferably within a range from normal temperature to 60°C. 
As for the electric current density and electrolysis time, they are somewhat affected on the liquid 
flow parameters, stirring state, and plating thickness, but preferably they are usually within the 
ranges of 5-40 A/dm" and 1-10 min, respectively. The external appearance of the obtained 
copper plated film must be such that velvety peaks and valleys of red color are formed. 

The thickness of the copper plated layer is limited to 8-12 p.m for the reasons as follows. 
The entire thickness of plated copper layer may be 15 |Lim and the thickness of the plated layer 
obtained by using a copper sulfate bath may be adjusted by varying the thickness of the plated 
layer obtained with the above-mentioned copper pyrophosphate plating bath. 

The plated layer with the above-mentioned roughening treatment is further laminated 
with a plurality of layers of a composition prepared by infiltrating an insulating substance such 
as glass fibers with an epoxy resin, and then the aluminum foil pseudo-substrate is peeled off, 
thereby obtaining a final product. 

In this case, the bonding strength between the plated copper layer subjected to the 
roughening treatment and said laminated insulating material may be about 1.6-1.8 kg/cm", but if 
it is less than 1 .6 kg/cm", secondary roughening treatment copper plating is conducted on the 
outer side of the copper plated layer For this purpose a method can be used in which, for 
example, cathodization is conducted at a current density of 2-20 A/dnC for 2-120 seconds in an 
acidic copper electrolytic bath having added therein ions of at least one metal selected from a 
group including arsenic, antimony, and bismuth. 

Embodiments of the present invention will be described hereinbelow 



Embodiment 1 



A soft pure aluminum foil (99.9%) with a thickness of 70 ^m was degreased by 
immersion for 3 min in a solution of sodium orthosilicate (100 g/L) at a temperature of TO^'C, and 
then pickling and activation treatment was conducted by immersion for 1 min at a temperarure'f)f 
25°C in an aqueous solution of HNO3 with a concentration of 350 g/L. Then, an edge portion \^ 
(edge width 20 nrrni) on only one side of the aluminum foil was selectively subjected to local zinc 
substitution plating by immersion for 60 sec in a solution (liquid temperamre, room temperamre) 
consisting of ZnO 30 g/L and NaOH 100 g/L. Then, one side of the aluminum foil was plated 
with copper for 5 min at an electric current density of 2 A/dm' in a plating bath (liquid 
temperature 50°C) having a Cu concentration of 30 g/L and a potassium pyrophosphate 
concentration of 150 g/L and a pH of 8.8. Finally, the plated layer was subjected to roughening 
copper plating for 2 min at a current density of 10 A/dm" in a plating bath (liquid temperature 
20°C) containing Cu at 20 g/L and H2SO4 at 75 g/L. As a result, an ultrathin copper foil with a 
copper layer thickness of 6 |im was obtained. 

Embodiment 2 

A hard aluminum alloy foil (Al 99.7%, Cu 0.05%, Fe 0.05%, Si 0.20%) with a thickness 
of 30 Jim was subjected to degreasing by immersion for 30 sec at a temperature of 50°C in a 
solution containing sodium orthosilicate 100 g/L, NaOH 30 g/L, and nonionic surfactant 0. 1 g/L. 
Then, pickling and activation treatment was conducted by immersion for 30 sec at a temperature 
of 25°C in a solution consisting of HCl 100 g/L and NaCl 50 g/L. Then, local zinc substitution 
plating was conducted selectively only on the edge portion (edge thickness 35 mm) on one side 
of the aluminum alloy foil by immersion for 38 sec in a solution (liquid temperature, room 
temperature) consisting of ZnO 5.0 g/L, NaOH 200 g/L, and FeCb 5 g/L. One surface of the 
aluminum foil was then plated with copper for 10 min at a current density of 3 A/dm" in a plating 
bath (liquid temperature eO^'C) consisting of Cu 80 g/L and potassium pyrophosphate 30 g/L, and 
having a pH of 9.3. Then roughening copper plating of said plating layer was conducted for 60 
sec at a current density of 6 A/dm" in a plating bath (liquid temperature 25°C) consisting of Cu at 
30 g/L and H2SO4 at 100 g/L. Finally, the resulting roughened plated layer was subjected to 
secondary roughening copper plating for 20 sec at a current density of 6 A/dm" in a solution 
consisting of Cu (BF4)2 25 g/L, HBF4 42 g/L, Na3As04l2H20 0.9 g/L (liquid temperature 12^*0, 
and an ultra thin copper foil with a copper layer thickness of 7 jam was obtained. 

Embodiment 3 

A hard aluminum alloy foil (Al 99.3%, Cu 0.04%, Fe 0.07%, Si 0.15%, Zn 0.05%, Mg 
0.10%, Ti 0.05%) with a thickness of 50 ^im was subjected to anodic electrolytic degreasing for 
30 sec at a current density of 2 A/dm" in a solution containing sodium orthosilicate 100 g/L, 
NaOH 30 g/L, and a nonionic surfactant 0.1 g/L. Then only the edge portion (edge width 15 mm) 
of the Al alloy foil was selectively subjected to local zinc substitution plating by treating for 20 
sec in a solution (liquid temperature 30''C) consisting of ZnO 70 g/L and NaOH 400 g/L. Then, 
one surface of the aluminum foil was plated with copper for 15 minutes at a current density of 3 
A/dm" in a plating bath (liquid temperature 60°C) having a Cu concentration of 100 g/L, a 
potassium pyrophosphate concentration of 250 g/L, and a pH of 9.0. Then, the copper plated 



layer was subjected to roughening copper plating for 75 sec at a current density of 32 A/dm" in a 
plating bath (liquid temperature 65°C) having a Cu concentration of 50 g/L and an H2SO4 
concentration of 50 g/L. Finally, the roughened copper plated layer was subjected to secondary 
roughening copper plating for 32 sec at an electric current density of 4 A/dm" in a solution 
(liquid temperature 15°C) containing Cu at 7 g/L, H2SO4 at 32 g/L, H3ASO4 at'0.4 g/L, and 
H2Si03 at 0.2 g/L, and an ultrathin copper foil with a copper layer thickness of.^15 ^m was 
obtained. 

Comparative Example 1 

A hard aluminum alloy foil (Al 99.7%, Cu 0.5%, Fe 0.05%, Si 0.20%) with a thickness of 
30 )im was subjected to degreasing by immersion for 3 min in a solution (liquid temperature 
70T) consisting of sodium carbonate 30 g/L and sodium phosphate 50 g/L, and then an edge 
portion of 15 mm on one surface of the aluminum alloy foil was selectively subjected lO zinc 
substitution plating by immersion for 20 sec in a solution containing ZnO at 70 g/L and NaOH at 
400 g/L (liquid temperature 30°C). Then, copper plating was performed on the entirety of one 
surface of the aluminum alloy foil for 15 minutes at an electric current density of 3 A/dm" in a 
plating bath (liquid temperature 40°C) having a Cu concentration of 100 g/L, a potassium 
pyrophosphate concentration of 250 g/L, and a pH of 9.0, then the copper plated layer was 
subjected to roughening copper plating for 75 sec at an electric current density of 32 A/dm" in a 
plating bath (liquid temperature 65**C) having a Cu concentration of 50 g/L and an H2SO4 
concentration of 50 g/L. Finally, the roughened copper plated layer was subjected to secondary 
roughening copper plating for 32 sec at an electric current density of 4 AJdnT in a solution 
(liquid temperature 15''C) containing Cu at 7 g/L, H2SO4 at 32 g/L, H3ASO4 at 0.4 g/L, and 
H2Si03 at 0.2 g/L, and an ultrathin copper foil with a copper layer thickness of 5 ^im was 
obtained. 

Comparative Example 2 

An aluminum alloy foil identical to that of Comparative Example 1 was used and 
degreasing was conducted in the same manner as in Comparative Example 1. Then, copper 
plating similar to that of Comparative Example 1 was conducted immediately without zinc 
substitution plating and thereafter roughening copper plating was conducted to obtain an 
ultrathin copper foil with a copper layer thickness of 5 |im. 

The ultrathin copper foils with pseudo-substrates attached thereto, which were obtained 
in the Embodiments 1-3 and Comparative Examples 1-2 were laminated on base materials 
infiltrated with glass epoxy and then pressing was conducted for 60 min at a pressure of 25 
kg/cm" and a heating temperature of 160°C to obtain a laminated sheet with a thickness of 2 mm. 
Copper-clad laminated sheets were then obtained by mechanically peeling off the pseudo- 
substrates of aluminum foils, copper pyrophosphate plating was thereafter conducted to increase 
the thickness of the copper layer to 15 ^m, and the bonding strength and pinholes were measured 
by the usual method. The results are presented in Table 1. 

The bonding strength was measured by applying a peeling force in the direction of 90° to 
a width of 10 mm. The number of pinholes was counted by illuminating the layer from below ' 
a dark room and observing the transmitted light. 



Table 1. 





Number of pinholes 
(holes/m") 


Bonding strength 
■ (kg/cm') 


External appearance of 
copper foil 


Embodiment 1 


2-4 




Fine velvety peaks and 
valleys 


Embodiment 2 


1-2 


2.0-2.4 


It 


Embodiment 3 


0 


20.-2.4 


It 


Comparative Example 1 


20-100 


1.5-1.7 


Bulbous peaks and 
valleys 


Comparative Example 2 


Very large number 


1.4-1.8 


It 



As follows from the table presented above, the ultrathin copper foils obtained by the 
method in accordance with the present invention have a number of pinholes substantially less 
than that in the ultrathin foils obtained by the conventional methods and also have excellent 
bonding strength. 
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